Summary: The Cancer Genome Atlas (TCGA) and Genotype-Tissue Expression (GTEx) projects produced large-scale RNA sequencing data, which provides an opportunity for performing integrated expression analysis for all genes across tens of thousands of tumor and normal tissue specimens. Rapid access to and easy visualization of such valuable data could facilitate research in a wide biological area. Here, we present the GE-mini APP for smart phones, a mobile visualization tool for integrated gene expression data based on both TCGA and GTEx. This gene-centric expression viewer provides a convenient method for displaying expression profiles of all available tumor and tissue types, while allowing drilling down to detailed views for specific tissue types. Availability and Implementation: Both the iOS and Android APPs are freely available to all noncommercial users in App Store and Google Play. The QR codes of App store and Google play are also provided for scanning and download. The GE-mini web server is also available at http://gem ini.cancer-pku.cn/.
Introduction
High-throughput sequencing of RNA has become a widely used method for transcriptomic analysis (Wang et al., 2009) . Recently, increasing amounts of RNA Sequencing data have been released by large-scale collaborative projects such as The Cancer Genome Atlas (TCGA) project (The Cancer Genome Atlas Research Network et al., 2013) and Genotype-Tissue Expression (GTEx) project (Lonsdale et al., 2013) . TCGA has now produced RNA sequencing data for 10 370 tumors across 33 cancer types, but only 720 normal specimens across 24 tissue types. The imbalance between the tumor and normal data can causes inefficiency in various differential analyses. Fortunately, the GTEx endeavor has rapidly established a comprehensive collection of RNA Sequencing data for a wide spectrum of normal human tissues, thus providing the basis for expression profiling across normal tissues. If such GTEx data could be matched to the anatomic sites of TCGA tumors, and if all the expression data could be normalized to same comparable ranges, then the TCGA and GTEx data could be integrated for the most comprehensive expression analyses up to date.
Meanwhile, mobile APPs have exploded in recent years due to the historical adaption of smart phones and many advantages including portability and instant access. However, the usage of mobile APPs in the scientific disciplines lags behind other recreational and commercial purposes, even though the rapid pace of biological research demands at least the same degree of accessibility and ease of use of scientific data. To facilitate the accessibility of the largescale expression data in the GTEx and TCGA collection, we developed the GE(for Gene Explorer)-mini mobile APP, a straightforward and user-friendly mobile software for visualizing gene expression profiling at the single-gene level. Users can investigate genes of interest anywhere by using a smart phone, inspecting an expression body map and exploring the tumor-normal differential expression for a wide arrange of tissue types. The expression data of tens of thousand samples are therefore readily accessible on any mobile phones using the iOS-and Android-operation systems.
Data and methods
The level 3 gene-level RNA-seq v2 expression data were obtained from the TCGA Data Portal, and contain 10 370 tumor and 720 adjacent normal samples across 33 cancer types. They were generated using the SeqWare pipeline (O'Connor et al., 2010) based on the hg19 UCSC gene standard track. Additional expression data were obtained from the GTEx FTP site, and we used the phs000424.v6.p1 release of such data that cover 8555 samples across 53 normal tissue types. The RPKM (reads per kilobase per million reads (Mortazavi et al., 2008) ) expression data were produced by the RNA-SeQC (DeLuca et al., 2012) method using the GENCODE v19 gene/transcript models. Medical experts were consulted to determine the most appropriate GTEx normal tissues for comparison with TCGA tumors (Supplementary Table S1 ).
There are several differences between the TCGA and GTEx projects for calculating gene expression values. First, TCGA and GTEx use different gene models to calculate expression data. Second, while GTEx provides the RPKM value for each gene, TCGA establishes expression levels using the RSEM measure (Li and Dewey, 2011) . Thus, we first converted both the RPKM and RSEM levels to the common TPM metrics (Wagner et al., 2012) . Next we performed data upper quartile normalization (Bullard et al., 2010) on a per gene basis to make the data from different platforms comparable. When performing tumor/normal differential expression analyses, we attempted to delineate the effect of other factors such as age, sex or ethnicity, using the four-way ANOVA method, since TCGA and GTEx might have distinct patient composition (Supplementary Sections S1, S3). Only disease state-specific expression differences are used in the APP.
The GE-mini APP was written in the Objective-C program using Xcode Integrated Development Environment (IDE) for iOS platform. Similarly, the Android version was developed with Java programming using the Android Studio IDE (Supplementary Section S2).
Software features
The GE-mini APP takes gene symbol, alias, or gene ID as input, with fuzzy match capability. First, it displays expression body maps in the 'Normal', 'Tumor' and 'Differential' pages (Fig. 1a) . In the 'Normal' and 'Tumor' body maps, the color densities of tissues represent their median expression value, which is normalized by the maximum median expression value across all tissue types. Comparisons between tumor and normal expression levels are illustrated in the 'Differential' body map page. The sample-level gene distribution within a given tissue type can then be explored with the Boxplot function (Fig. 1b) , and the expression distribution across all normal tissues is displayed in bar plots. Gene information and the complete expression profile across all tumor and normal tissues can be further examined and exported (Fig. 1c) . The 'Details' page can be magnified on any small mobile phone screens, emailed or saved for further investigation. GE-mini now can be downloaded from Google Play and App Store (Fig. 1d) . The GE-mini web version is also available.
Conclusion
While tremendous resources have been put into generating such valuable data in TCGA and GTEx, the data dissemination, visualization and analysis tools are essential for unleashing the value of such data treasure. GE-mini fills in the gap between cancer genomics big data and the delivery of integrated information to end users. The accessibility of such data at the fingertips through GE-mini can be widely useful in scientific research, communication and the therapeutics discovery process. 
